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We discuss the neutrino constraints from solar and terrestrial dark matter (DM) annihilations
in the inelastic dark matter (iDM) scenario after the recent CDMS II results. To reconcile the
DAMA/LIBRA data with constraints from all other direct experiments, the iDM needs to be light
(mχ < 100 GeV) and have a large DM-nucleon cross section (σn ∼ 10
−4 pb in the spin-independent
(SI) scattering and σn ∼ 10 pb in the spin-dependent (SD) scattering). The dominant contribution
to the iDM capture in the Sun is from scattering off Fe/Al in the SI/SD case. Current bounds from
Super-Kamiokande exclude the hard DM annihilation channels, such as W+W−, ZZ, tt¯ and τ+τ−.
For soft channels such as bb¯ and cc¯, the limits are loose, but could be tested or further constrained
by future IceCube plus DeepCore. For neutrino constraints from the DM annihilation in the Earth,
due to the weaker gravitational effect of the Earth and inelastic capture condition, the constraint
exists only for small mass splitting δ < 40 keV and mχ ∼ (10, 50) GeV even in the τ
+τ− channel.
I. INTRODUCTION
A wide variety of cosmological observations,
which include the highly precise measurements of
the cosmic microwave background [1], galactic ro-
tation curves [2], the weak gravitational lensing of
distant galaxies by foreground structure [3], and
the weak modulation of strong lensing around in-
dividual massive elliptical galaxies [4], all indicate
that about 22% of our universe consists of non-
baryonic, non-luminous dark matter (DM). The
nature of DM, on the other hand, still remains a
mystery.
The first direct detection experiment that pro-
vided strong evidence for dark matter is the
DAMA collaboration, which announced an 8.3 σ
discovery [5] in the annual modulations of nuclear
recoil rate. In the simplest DM models, such an
event rate is excluded by two orders of magnitude
in other low-background nuclear experiments. A
widely invoked resolution of this controversy is the
inelastic dark matter (iDM) model [6, 7], which
introduces a transition to an excited state in the
dark matter nucleus scattering. If the mass split-
ting δ is roughly 100 keV, which is close to the
kinetic energy of a DM in the halo, the kinematics
is significantly modified and the controversy can
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be settled.
Very recently, the Cryogenic Dark Matter Search
(CDMS II) announced the observation of two sig-
nal events 1 with a 77% confidence level and ad-
ditional two events just outside the signal region
border [8]. Statistically this is not significant to
claim a discovery, nevertheless, it is very suggestive
if one believe such signals are coming from DM nu-
clei scattering. In particular, these two events with
small recoil energies suggest that the mass of dark
matter is smaller than 100 GeV 2 with SI cross sec-
tion ∼ O(10−8) pb which could escape other exper-
imental constraints. Many models have been pro-
posed since then [9]. In addition, limits on the dark
matter nucleus cross section are obtained from the
data. In the inelastic spin-independent (iSI) DM
models, only a very narrow region of parameter
space is allowed [8, 10–12] , but the constraint can
be large relaxed if one consider the inelastic spin-
dependent (iSD) DM models [12].
Other experiments that give a strong constraint
on the DM-nucleon cross section besides the di-
1 CDMS has a very low background comparing to the other
direct detection experiments and the two observed events
are well separated from other events that have failed to
pass the cuts. In other experiments, for instance XENON
[10], many observed events are at the border of the cuts
and are used to set limits on DM scattering cross section.
2 Interestingly, the preferred DM mass region largely over-
laps with the one used to explain DAMA in the iDM
model.
2rect detection experiments are the neutrino tele-
scopes which are detecting the neutrino flux from
DM captured and annihilated in the Sun or Earth.
For example, Ref. [13] and Ref. [14, 15] give the
neutrino constraints to the light elastic DM (eDM)
and iSI DM which could account for DAMA results
respectively. When the DM nucleus scattering is
iSD, the constraints by the neutrino flux from the
Sun can be dramatically different. The reason is
that the kinetic energy requirement for a DM (χ)
scattering inelastically with a nucleus (N) is
Eχ > δ
(
1 +
mχ
mN
)
. (1)
For light elements like hydrogen, only very ener-
getic DM particles can scatter with them and get
captured in the Sun if δ is not very small. Then
the overall capture rate with their dominant con-
tributions from light elements in the Sun will be
significantly reduced. The modified kinematics for
inelastic scattering in Eq. (1) also largely reduced
the kinetic phase space of DM captured in the
Earth because of the small escape velocity of the
Earth. Therefore, it is of importance to preform a
detailed analysis regarding the above issues moti-
vated by the recent DAMA, CDMS results.
The paper is organized as follows. In Section
II, we calculate the capture rate for both iSI and
iSD DM in the Sun and we discuss the possible
uncertainties in the calculation. In Section III, we
obtain the constraint on the DM-nucleon inelas-
tic cross section for different annihilation chan-
nels from Super-Kamiokande (Super-K) and the
expected event number from the on-going large
volume neutrino telescope, IceCube. In Section
IV, we will discuss the neutrino constraint from
iDM captured in the Earth. Finally we conclude
and discuss our studies in Section V.
II. CAPTURE RATE FOR INELASTIC
DARK MATTER IN THE SUN
When DM particles travel through the Sun sys-
tem, they may get trapped by the gravitational
potential and continue to lose energy with every
collision against nucleus and captured in the Sun.
The time evolution of the DM population in the
Sun is given by the differential equation
N˙ = C⊙ − CAN2 − CEN, (2)
where C⊙ is the capture rate of the DMs in the
Sun and annihilation rate is ΓA = CAN
2/2 with
CA = 〈σv〉/V⊙eff , CE is the inverse time for DM
to escape via evaporation which will be neglected
below since our DM is not very light. For typical
DM we have considered, the time scale required
to reach equilibrium between capture and annihi-
lation, teq = 1/
√
C⊙CA, is much smaller than the
age of the solar system so the annihilation rate is
saturated at half of the capture rate ΓA = C⊙/2.
Therefore, calculating the DM capture rate in the
Sun is crucial to estimate the final neutrino flux
from the Sun [14–18].
Suppose a DM particle has a velocity u very far
away from the Sun, at some point the escape ve-
locity in a shell is v(r), the DM velocity w will
be
w2 = u2 + v(r)2. (3)
In the DM-nucleus center of mass frame, it is easy
to see that in order to have a DM-nucleus inelastic
scattering, the following condition is required
µw2
2
> δ, (4)
where µ ≡ mχmN/(mχ +mN ) is the DM-nucleus
reduced mass, δ is the mass split between two DM
states. The escape velocity v(r) is approximated
as [19]
v2(r) = v2c −
M(r)
M⊙
(v2c − v2s), (5)
where M⊙ is the mass of the Sun and vc = 1354
km/s and vs = 795 km/s. M(r) is the mass pro-
file of the Sun which can be obtained by the Sun
density profile [20]
ρ(r) = ρ0 exp(−B r
R⊙
) , (6)
where ρ0 = 236.93 g/cm
3 and B = 10.098.
The DM capture rate in the Sun is given by
C⊙ =
∫
4πr2dr
∫
du
f(u)
u
wΩ(w) , (7)
where f(u) is the DM velocity distribution at in-
finity, Ω(w) is the rate per unit time that a DM
with velocity w scatter to a velocity less than v.
We assume the DM velocity distribution far from
the Sun follows a Maxwell-Boltzmann distribution
in the Sun rest frame
f(x)dx =
ρχ
mχ
4√
π
x2e−x
2
e−η
2 sinh(2xη)
2xη
dx (8)
3where the dimensionless variables are defined as
x2 ≡ u2/v20 and η2 ≡ v2⊙/v20 , v0 =220 km/s is the
average local circular velocity which is related to
DM velocity dispersion v¯ as v20/v¯
2 = 2/3.
Taking into account the form factor suppression,
the scattering function Ω(w) is given by
Ω(w) =
∑
i
niw
Qi max −Qi min
∫ Qi max
Q
′
i min
dQi
× (σSIi F 2i (Qi) + σSDi Si(Qi)) (9)
where i denotes each species of nuclei in the Sun
and we will omit it below, n is the number den-
sity of the nuclei, Q is the energy transfer in the
scattering, Qmax(Qmin) denotes the possible max-
imum(minimum) energy transfer and Qcap is the
minimal energy transfer which requires DM could
be captured only with a velocity less than v, and
we define lower limit of integration as Q
′
min =
max (Qcap, Qmin). These energy transfer func-
tions are given by [14]
Qmax =
1
2
mχw
2
{
1− µ
2
m2
N
×
(
1− mN
mχ
√
1− δ
µw2/2
)2
− δ(10)
Qmin =
1
2
mχw
2
{
1− µ
2
m2
N
×
(
1 +
mN
mχ
√
1− δ
µw2/2
)2
− δ(11)
Qcap =
1
2
mχ(w
2 − v2)− δ , (12)
and one has to impose the condition
Qmax > Qcap (13)
for the capture to happen. σSI(SD) is the inelastic
SI (SD) cross section and F (Q) is the SI form fac-
tor. The term σSDS(Q) will be decomposed into
SD cross sections and SD form factors for different
spin J later. The inelastic SI (SD) cross section is
given by
σSI =
√
1− δ
µw2/2
(
µ
µχn
)2
×
(
fpZ + fn(A− Z)
fp
)2
σSIn (14)
where A is the atomic mass number, Z is the
charge of the nucleus, µχn ≡ mχmn/(mχ +mn) is
the DM-nucleon reduced mass, fp(fn) is the SI DM
coupling to protons (neutrons) and we normalize
it to fp = fn, σ
SI
n is the DM-nucleon SI scatter-
ing cross section. We can see that if fp ≃ fn, the
DM-nuclei SI cross section is proportional to A2.
Moreover, if mχ >> mN , the reduced mass µ mN
will provide another enhancement factor of A2. We
can expect heavy nuclei with large abundance in
the Sun, such as Fe, to play a more important role
in the capture process. For the SI form factor, we
use the Helm form factor as,
F (Q) = 3e−k
2s2/2 sin(kr) − kr cos(kr)
(kr)3
, (15)
with nuclear skin thickness s = 1 fm, effective nu-
clear radius r =
√
R2 − 5s2, R = 1.2A1/3 fm, and
momentum transfer k =
√
2mNQ.
The SD cross section with form factor for spin-
non-zero nuclei is
σSDS(Q) =
4π
3a2p(2J + 1)
√
1− δ
µw2/2
(
µ
µχn
)2
× (a20S00(k) + a0a1S01(k) + a21S11(k))σSDn , (16)
where a0 = ap + an and a1 = ap − an are isoscalar
spin and isovector spin couplings, ap and an are
the effective spin DM-proton and DM-neutron cou-
plings which we assume ap =1 and an =0 in the
below, S00(k), S00(k), S01(k) are nuclear structure
functions. In many nuclei models, the nuclear spin
is carried by the unpaired nucleons. Therefore we
focus on the nuclei with an odd nucleon number
in the SD scattering process. In the calculation
we use the nuclear structure functions provided by
Ref. [21].
The capture rate of 50 GeV DM due to differ-
ent species of nuclei in the Sun as a function of
the mass splitting δ is calculated for both iSI and
iSD DM. The results depend on some astrophysi-
cal parameters and as a reference point, we choose
ρχ = 0.3 GeV cm
−3, v⊙ = 220 km/s and v0 = 220
km/s in the Maxwell-Boltzmann distribution. The
element abundances are given by Ref. [22] in the
form of ǫi = log(ni/nH) + 12 and the mass frac-
tion of hydrogen (helium) is 0.7381 (0.2485). In the
calculation for SI capture, we pick out the species
with ǫi > 6. For SD capture, we calculate
1H, 19F,
23Na, 27Al, 29Si and 39K. As we can see in FIG. 1
and 2, Fe and Al provide most contributions to the
iSI and iSD scattering processes respectively and
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FIG. 1: Capture rate of 50 GeV spin-independent iDM
with DM-nucleon cross section of σSIn ∼10
−4pb as a
function of the mass splitting δ due to different species
of nuclei in the Sun. We choose ρχ = 0.3 GeV cm
−3,
v⊙ = 220 km/s and v0 = 220 km/s in the Maxwell-
Boltzmann distribution.
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FIG. 2: Capture rate of 50 GeV spin-dependent iDM
with σSDn ∼ 10 pb as a function of the mass splitting
δ due to different species of nuclei in the Sun.
one can safely neglect the Hydrogen contribution
in the iSD scattering for δ > 10 keV. The capture
rate is always sensitive to the abundance of heavy
nuclei.
Finally, we give some short comments on the
possible uncertainty in the calculation for solar DM
capture rate. The input astrophysics parameters
are the local DM mass density ρχ, velocity of the
Sun v⊙, average local circular velocity v0, and so-
lar elemental abundances ǫi. The capture rate is
proportional to ρχ and the results will increase if
a larger local DM mass density is available [23]
or the solar system is passing through DM sub-
structure [24]. We also assume the DM infinity
velocity distribution is a Maxwell-Boltzmann dis-
tribution which depends on parameters v⊙ and v0.
As discussed in Ref. [15], if these two parame-
ters vary in the region of 200 km/s < v⊙, v0 <
300 km/s, the capture rate will be changed by a
factor less than two. One should also notice that,
if the velocity distribution deviates from an ordi-
nary Maxwell-Boltzmann distribution, the result
will also be changed. In our discussions, for sim-
plicity, we assume the solar chemical composition
does not change in the Sun. The capture rate is
sensitive to the abundance of heavy nuclei and in-
creasing the number density of heavy nuclei in the
center of the Sun will increase the overall capture
rate by a few [15]. There are also uncertainties aris-
ing from the nuclear form factor. For the SI scat-
tering, the Helm form factor we used in the calcu-
lation is less accurate at large momentum transfers
and might be improved by using some more precise
form factors [25]. For the SD scattering, the nu-
clear structure functions in Ref. [21] are only con-
sidered for direct DM search on the Earth, so the
qmax used in the finite momentum transfer approx-
imation may not be large enough for DM-nucleus
scattering in the Sun if our DM is heavy.
III. LIMITS FROM THE NEUTRINO
TELESCOPES
If the DM capture and annihilation processes
reach equilibrium, we can simply get the DM an-
nihilation rate
ΓA = C⊙/2 (17)
The different DM annihilation channels give dif-
ferent initial neutrino spectra [26]. If the DM anni-
hilates to e+e− or µ+µ−, they will not contribute
to neutrino signals. This is because for muons,
they always lose most of their energy before de-
caying in the center of the Sun. For annihilation
channel to τ+τ−, the neutrinos are induced by τ
leptonic decays τ → µνν, eνν, and hadronic de-
cays such as τ → πν, Kν, ππν et al. For the
heavy final annihilation states W+W−, ZZ, tt¯,
they produce neutrinos via cascade decays and
the neutrino spectra for such channels are hard.
For quark channels, the hadronization process pro-
duces mesons and baryons, and then induces neu-
trinos via hadron decays. The neutrino spectra
for such channels are soft. Notice that the light
mesons easily lose their energy before decays, so
5101 102 103
10-3
10-2
10-1
100
101
102
103
 
 t
 Z
 W
 b
 c
 q
 
 
B
r*
(
iS
I/1
0-
4 p
b)
m  (GeV)
101 102 103
10-3
10-2
10-1
100
101
102
103
 
 t
 Z
 W
 b
 c
 q
 
 
B
r*
(
iS
I/1
0-
4 p
b)
m  (GeV)
FIG. 3: Super-K solar neutrino limits on the cross section per nucleon times the branching ratio to different
annihilation channels for the iSI DM with mass splitting δ = 40 keV (left) and δ = 130 keV (right). We show the
limits on seven annihilation channels including τ τ¯ , tt¯, W+W−, ZZ, bb¯, cc¯ and qq¯ (q denotes light quark here).
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FIG. 4: Super-K solar neutrino limits on the cross section per nucleon times the branching ratio to different
annihilation channels for the iSD DM with mass splitting δ = 40 keV (left) and δ = 130 keV (right).
the contributions to the neutrino signals from light
quarks are usually small.
The neutrinos produced at the solar center will
interact with the matter in the Sun. These effects
include the neutral current (NC) interaction, the
charged current (CC) interaction, and tau neutrino
ντ reinjection from secondary tau decays. The neu-
trino oscillations including the vacuum mixing and
the MSW matter effects are also important. Here
we use the results given by Ref. [26] to take into ac-
count the above effects during the neutrinos’ prop-
agation. The differential neutrino flux at the Earth
is
dNν
dEν
=
ΓA
4πR2SE
∑
i
Bri
(
dNν
dEν
)
i
(18)
where i runs over the different DM annihilation
channels with branching ratios Bri, dNν/dEν is
the neutrino spectrum at the Earth after propaga-
tion, and RSE is the Sun-Earth distance.
We can calculate the muon rate at the detector
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FIG. 5: Super-K solar neutrino limits on the cross section per nucleon times the branching ratio to different
annihilation channels for the elastic spin-independent (eSI) DM (left) and elastic spin-dependent (eSD) DM
(right).
as 3
dφµ
dEµ
=
∫ mχ
Eth
dEνµ
dNνµ
dEνµ
[
dσνpCC(Eνµ , Eµ)
dEµ
np
+(p→ n)]R(Eµ) + (ν → ν¯) (19)
where np (nn) is the number density of protons
(neutrons) in matter around the detector, the
muon range R(Eµ) is the distance that a muon
could travel in matter before its energy drops be-
low the detector’s threshold energy Eth which is
given by
R(Eµ) =
1
ρβ
ln
(
α+ βEµ
α+ βEth
)
, (20)
with α, β the parameters describing the energy loss
of muons in matter.
The cross sections of deep inelastic neutrino-
nucleon scattering processes are given by [28]
dσν p,nCC/NC(Eν , y)
dy
≃ 2mp,nG
2
F
π
Eν
×
(
aν p,nCC/NC + b
ν p,n
CC/NC (1− y)2
)
, (21)
where y ≡ 1 − Eℓ/Eν . We can see that the neu-
trino detector is more powerful to observe neutrino
signals in the high energy region. Because the
3 A different formula that accounts for the energy depen-
dent muon flux can be found in Ref. [27].
neutrino-nucleon cross section and muon range in-
crease as Eν , while the atmospheric neutrino back-
ground decrease as E3ν .
To obtain limits on the cross section per nucleon
times the branching ratio σn ·Bri, we use the upper
bound on high energy up-going muon flux in the
direction of Sun given by Super-K group [29]. The
Super-K detector is located in a mine with 1000 m
rock overburden which contains 50,000 ton water.
The detector can detect up-going muons with mea-
sured path length of at least 7 m which is equiva-
lent to the detector energy threshold 1.6 GeV. So
the Super-K detector has a wide detecting range
for high energy neutrino. Super-K group analyzed
the data in 1679.6 days of detector live time, and
no events induced by DM annihilation/decay are
confirmed in the directions of the Sun, the center of
Earth, and the Galactic Center. A stringent limit
for up-going muon flux O(10−15) cm−2 s−1 con-
strains the DM model. Here we use the constraint
in Ref. [29] for all annihilation channels.
The Super-K limits on σn · Bri to different an-
nihilation channels for iSI and iSD DM with dif-
ferent mass splitting δ are presented in FIG. 3,
and 4 respectively. For a typical DM annihilation
cross section of 10−4 pb (or higher) that explains
DAMA in the iSI DM case, the limits are quite
constraining on hard channels (W+W−, ZZ, tt¯,
τ+τ−), are lessened in softer channels like cc¯ and
bb¯ and are quite loose in the light quark channels.
In the iSD DM case, the typical DM annihilation
cross section (or higher) to explain DAMA is en-
hanced to 10 pb [12]. Interestingly, even though
7the cross section is 105 times higher than the iSI
DM case, we reach a similar conclusion that the
limits are quite constraining on hard channels, are
lessened in softer channels like cc¯ and bb¯ and are
quite loose in the light quark channels. In order
to see how the inelastic property of DM nucleus
scattering changes the limits, we also calculate the
Super-K limits on σn · Bri to different annihila-
tion channels for eDM. In the SI case, making the
scattering inelastic changes the results at most an
order of magnitude for reasonable δ. In the SD
case, however, the limit is loosened by 3 orders of
magnitude when hydrogen no longer contributes to
the dark matter capture in the Sun.
The on-going large volume neutrino telescopes,
such as IceCube and KM3NET, are more powerful
to probe high energy neutrinos. IceCube located
between depth of 1.45 km and 2.45 km in the south
pole will have an effective detecting area of 1 km2.
In 2007, IceCube consisted of 22 strings has pro-
vided a more stringent upper limit to muon flux
from the Sun [30]. The main shortcoming of Ice-
Cube 22-strings is its high energy threshold. So the
experimental results are only useful to constrain
the heavy DM 4. The complete detector consisted
of 80 strings might reduce the energy threshold to
50 GeV. We need to notice that the effective de-
tecting area of IceCube decreases rapidly in the low
energy region. In addition, the angular resolution
becomes worse in such energy region. So the capa-
bility of IceCube to search for light DM is weaker
than that for heavy DM.
But it is worth remarking, additional IceCube 6
special strings named DeepCore, are powerful to
improve the capability of the detector and reduce
the detection threshold down to 10 GeV [31, 32]. In
the FIG. 6, we show the total number of events at
the IceCube plus DeepCore. Here we use the effec-
tive neutrino detection area of IceCube plus Deep-
Core given by Ref. [32] to calculate the event rate
at the detector. The number of background events
from atmospheric neutrinos within a 3◦ window is
estimated ∼50 in the energy range E ∼ (10, 200)
GeV. For heavy iDM mχ >100 GeV, the IceCube
plus DeepCore is very powerful to test most of the
iDM annihilation channels, which include all hard
4 For the bb¯ and W+W− channels, the constraints are
available for DM heavier than 250 GeV and 500 GeV
respectively. For the constraints to iDM, one can see the
Ref. [15].
channels and soft channels to bb¯ and cc¯. For the
iDM lighter than 100 GeV, comparing with FIG.
3 and 4 based on the Super-K 90% C.L. exclusion
limit, we can see that the IceCube plus DeepCore
also has capability to test or further constrain the
iDM model with soft annihilation channels to bb¯
and cc¯.
IV. NEUTRINO CONSTRAINT FROM
TERRESTRIAL INELASTIC DARK
MATTER ANNIHILATIONS
Unlike the Sun, the main constituents of the
Earth are heavy nuclei, such as O, Al, Si, Mg,
Fe and Ni. Since the abundances of Fe and Al
are 31.9% and 1.59% respectively, we expect that
the abundance of such heavy elements helps the
capture process. Nevertheless, probing neutrino
signals from terrestrial iDM annihilations is more
difficult than probing them from solar iDM annihi-
lations. There are two main reasons for this. First,
as a gravitational system, the Earth is far smaller
than the Sun with a rather small escape velocity,
so it is more difficult to trap DM in the center of
the Earth. In the iDM scenario, the situation be-
comes even worse due to the kinetic suppression
induced by inelastic capture condition. Second, it
is well known that terrestrial DM capture and an-
nihilation processes can not reach equilibrium in
the ordinary DM scenario, so the annihilation rate
of DM trapped in the Earth is even smaller than
half of the capture rate.
Now we turn to Eq. (4) and (13) and see the first
reason of suppression explicitly. We can rewrite
Eq. (13) as
χ′
χ
′2
−
>
u2
v2
(22)
where we use a similar notation as Ref. [16]
χ ≡ mχ
mN
, s ≡
√
1− 2δ/(µw2), (23)
and
χ′− ≡
χ− s
2
, χ′ ≡ χ
(
1 + s
2
)
+
1− s2
4
. (24)
The escape velocity of the Earth v ≃ 10 km/s is
very small compared to the escape velocity of the
Sun ≃ 103 km/s and the velocity dispersion of local
DM u ∼ v¯ ≃ 270 km/s, so the right hand side of the
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FIG. 6: (left) Neutrino event number in one year at IceCube (with DeepCore) for the iSI DM with σSIn = 10
−4
pb (left) and iSD DM with σSDn = 10 pb (right). We choose mass splitting δ = 130 GeV here.
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FIG. 7: Terrestrial iDM capture rate for the iSI DM with σSIn = 10
−4 pb (left) and iSD DM with σSDn =10 pb
(right).
capture condition Eq. (22) is a large value. When
the mass of DM is comparable to or larger than
that of a nucleus, such as Fe or Al, the left hand
side of Eq. (22) is suppressed bymχ so it is difficult
to satisfy the capture condition. If the DM is much
lighter than the nuclei, the condition Eq. (22) is
still not easy to satisfy. Moreover it is difficult to
satisfy the inelastic scattering condition Eq. (4)
simultaneously. So the most promising situation
is that DM and nuclei have similar masses and δ
must not be large.
The terrestrial iDM capture and annihilation do
not reach equilibrium in ordinary DM scenario 5.
Following from Eq. (2), the DM annihilation rate
is
ΓA =
C⊕
2
tanh2(t⊕/teq), (25)
where t⊕ is the age of Earth, C⊕ is the capture
rate of the DMs in the Earth. The equilibrium
time, effective annihilation rate is defined as teq ≡
5 If the DM annihilation cross section is far larger than or-
dinary value 3×10−26 cm3/s due to some enhancements
such as Sommerfeld effect, the terrestrial DM capture and
annihilation could reach equilibrium [34].
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FIG. 8: Super-K terrestrial neutrino limits on the cross section per nucleon times the branching ratio to different
annihilation channels for the iSI DM (left) and iSD DM (right).
1/
√
C⊕CA, CA ≡ 〈σv〉/V⊕eff respectively. It is
also useful to define a critical capture rate for the
Earth as Cc⊕ ≡ 1/CAt2⊕ ∼ 1014s−1(TeV/mχ)3/2.
If C⊕ > C
c
⊕, the DM capture and annihilation in
the Earth could reach equilibrium.
It is straightforward to get numerical results by
using the method in Sec II. Here we use the mass
density profile and the composition of the Earth
provided by Ref. [20] and [33] respectively. For
simplicity, we assume the Earth is in free space
[16]. If the gravitational interaction of the Sun
is taken into account, there is a correction factor
of O(1) [35] to the capture rate. In FIG. 7, we
show the results of terrestrial iDM capture rate
for SI and SD scattering processes. We find that
for very heavy or light DM, the capture process
is highly suppressed. So we only give the capture
rate for the iDM with typical mass in the range
of (10, 50) GeV which is similar to the mass of
nuclei of interest. It is interesting to notice that
there are surges as δ is varying. The peaks of these
surges (χ′− → 0) are quite similar to the “resonant
enhancement” in the eDM case when DM mass
reaches to the nuclei’s mass as discussed in Ref.
[16] and is absent if the DM is not light enough.
For the iDM scenario, we need to notice that for
the n species of nuclei of interest here, there are
2n inelastic capture conditions to be satisfied or
obeyed. So if the mass of DM is similar to that
of the nuclei, the terrestrial capture rate is very
sensitive to the parameters of mN , mχ and δ.
Here we use the upper limit for up-going muon
flux from the center of the Earth provided by
Super-K [29] to constrain the iDM model. We
only show the most stringent constraints assuming
all the DM annihilation products are τ+τ−. We
can see the results in FIG. 8 and we find that the
constraints from Earth-born neutrinos are weaker
than those from the Sun. The most stringent con-
straints arise from small δ andmχ ∼ (10, 50) GeV.
V. CONCLUSION AND DISCUSSION
Inelastic dark matter (iDM) is an excellent can-
didate to explain the DAMA annual modulation
result. Recently, the CDMS II announced the ob-
servation of two signal events and set a more strin-
gent constraint to the iDM model to account for
DAMA results. The mass of the iDM is not heavier
than 100 GeV and the DM-nucleon cross section is
typically 10−4 pb (or higher) for iSI case and is 10
pb (or higher) for iSD case.
In this work, we discuss the constraints by neu-
trino signals from solar and terrestrial iDM anni-
hilations motivated after DAMA and CDMS II re-
sults. The neutrino flux from the Sun or Earth
depends on the capture rate and the constraint on
DM-nucleon cross section is quite different from
the eDM case. For iSI/iSD scattering, the main
contribution to the capture rate in the Sun is from
Fe/Al and in the latter case, the capture from
H is highly kinematically suppressed. Although
the types of nuclei that contribute to the capture
rate are quite different in iSI and iSD DM models,
the constraints for the iDM annihilation channels
for the typical DM-nucleon cross section are ac-
tually similar. The Super-K null results set very
10
stringent constraints to the hard DM annihilation
channels such as W+W−, ZZ, tt¯ and τ+τ−. For
the soft channels such as bb¯ and cc¯, the limits are
loose. With the IceCube 80-strings plus DeepCore,
it can discover or exclude such channels. If the
DM annihilation products are light charged lep-
tons e+e−, µ+µ−, light mesons or some new light
bosons, there are no constraints from the neutrino
detection. For neutrinos from DM annihilation in
the Earth, the constraint is weaker than the one
in the Sun. This is mainly due to the fact that
Earth being a small gravitational system that cap-
tures the DM. Moreover, the terrestrial iDM cap-
ture rate is suppressed due to the inelastic cap-
ture condition. Furthermore, the terrestrial iDM
capture and annihilation do not reach equilibrium
in most of its parameter space. The constraint is
available only for small δ and iDM with mass of
several tens of GeV where similar behaviors as the
“resonance enhancement” in the eDM case occur.
If the DAMA and CDMS II results are really in-
duced by DM, we could expect the XENON 100
[36] or other direct detection experiments to give
the similar observations in the immediate future.
Nevertheless, the constraints and future detection
prospects we have obtained from neutrino tele-
scope should be considered in any explanations
based on iDM. Other on-going indirect detection
experiments and the Large Hadron Collider also
have the capability to detect the DM signals. It is
exciting and useful to think about all these exper-
iments and achieve a complete picture of DM.
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